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Introduction
Molluscs are sensitive indicators of environmental conditions, and they constitute a group particularly suited to reconstruction of past changes in the nature of habitats and ecosystems, occurring as the effect of climate or human activity. Because of their relatively low mobility, molluscs are particularly suitable for the reconstruction of local features of the environment and their shells are well preserved in sediments of various origins, especially in those with elevated levels of calcium carbonate.
The area of the Podhale basin is composed of Paleogene flysh formations represented by shale and sandstone formations with calcareous cement. In the northern part of the area there is a belt of limestone outcrops belonging to the Pieniny Klippen belt. A considerable content of calcium carbonate in the underlying rocks, and in the mantles of detritus covering them, facilitate the preservation of prolific mollusc assemblages, of varying richness. The sub-fossil fauna of snails and bivalves from the Podhale region has been studied since the 1930s, with the primary focus on commonly found localities of calcareous tufas (Alexandrowicz, W.P., 1997 (Alexandrowicz, W.P., , 2001 (Alexandrowicz, W.P., , 2003 . A detailed analysis of the changes in the natural environment of the Podhale region in the last 15,000 years, based on rich mollusc communities obtained from sediments of various genetic origins, was carried out by Alexandrowicz, W.P., (1997) . The results of this reconstruction correspond well with the conclusions drawn from the studies of peat-bogs in the Orava and Nowy Targ basins (Koperowa, 1962; Obidowicz, 1990 Obidowicz, , 1995 . Based on these data, it is possible to distinguish several phases of changes in the environment. The older among them is undoubtedly associated with the changes in climate that occurred several times during the Late Glacial and the Holocene. The youngest phase of environmental transformation spanning the last several hundred years is directly associated with the activities of man; principally with agricultural development which precipitated rapid deforestation. The effects of this process involved a marked reduction in the occurrence of shaded habitats which were replaced by open environments, such as cultivated fields and pastures. This phenomenon led to a very clear restructuring of ecosystems and changes in the composition and structure of plant and animal communities, including malacocoenoses.
The development of human settlements in the Podhale is well documented. The first phase occurred in the 13 th and 14 th centuries and was present mainly in the flat and minimally morphologically-diversified northern section around the Orava and Nowy Targ dells. The first massive deforestations are also associated with this period. Along with the increasing size of human populations, deforestation then commenced to affect the southern part (Czepiel, 1999) . The Podhale area is currently deforested to a significant degree, and only coniferous forest communities have still endured, exclusively upon steep slopes unsuitable for agricultural use. The deforestation of slopes has been essential in altering geological processes and has led to an evident increase in the quantity of material carried from the slopes down to the river beds. The effect of this process is manifested in intensified accumulations and the emergence of a system of low (1.5-2 m high) terraces composed of river channel gravel facies covered with sands, as commonly found in river valleys. It is only in these sediments where communities of sub-fossil molluscs have remained preserved, thereby providing evidence of anthropogenic transformations resulting from changes in the environment of the Podhale basin.
Material and methods
The malacological analysis was carried out on material obtained from 17 localities of Late Holocene fluvial sediments (Fig.1, Table 1 ). Individual samples weighed 2-3 kgs. Laboratory processing of the materials consisted of washing the rocks, removing complete shells and also identifiable shell fragments. A total of 48 samples of mollusc shell fragments were analyzed. Identification of shell material was completed using guides and comparative collections. The number of species and specimens were determined for each sample. The pieces of shells were calculated into whole specimens according to the formula proposed by Alexandrowicz, S.W., (1987) . The number of species at individual localities ranged from 3 to 21, while the number of specimens ranged from 7 to 173 (Table 1) . The analyzed material contained a total of 2,810 specimens of 46 taxa (43 land snail taxa, 1 of an aquatic snail and 1 bivalve species), and the calcareous plates of slugs were included under the collective name of Limacidae.
The malacological analysis followed standard methods devised by Ložek (1964) and Alexandrowicz, S.W., (1987 Alexandrowicz, S.W., ( , 1999 . Individual species were allocated to ecological groups of species: F -shade-loving, O -open environments, M -mesophilous, H -hygrophilous, and W -aquatic species. Ratios of ecological groups were used to construct a triangular diagram and to distinguish four types of faunistic assemblages. TDA, SWN, SMI, and J indices of diversity were calculated to characterize the degree of fauna diversification. These indices were based of the mathematical formulas of Simpson, (1949); Shannon, Weaver, (1949) ; Pielou, (1975) and Alexandrowicz, S.W., (1987 Alexandrowicz, S.W., ( , 1999 ; and the ADI index characterized the entire collected material (Alexandrowicz, S.W., 1987) . The taxonomical analysis enabled determination of similarities between analyzed samples and indicated sample groups of molluscan assemblages with similar composition and structure. Cluster diagram construction followed the method of Morisita (1959) and Wolda (1981) , and the PAST statistical software package was used for statistical calculations (Hammer et al., 2001) . The constancy structure (C) and the domination structure (D) were characterized for all the analyzed material. These structures permitted the selection of the most typical components of all particular assemblages (Alexandrowicz, S.W., 1987 (Alexandrowicz, S.W., , 1999 . Indication of the dominant and accessory species in the collected material was based on the Q index, from the geometric mean of C and D (Alexandrowicz, S.W., 1999) . The reconstruction of anthropomorphic changes in the Podhale basin in the last few hundred years was based on this methodology. This was then compared with the results of studies carried out in the peat bogs in the Orava and Nowy Targ basins, and also with results of malacological analyses of sediments of similar origin and age found in the Pieniny and Western Beskidy Mountains. 
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Results
The studies of malacological fauna were carried out on 17 profiles of fluvial sediments in the Podhale area ( Fig. 1 ). These localities represent two principal types of river valleys. The first includes the wide, flat-bottomed valleys, characterized by the presence of broad terrace steps, now mostly deforested and under cultivation. The terraces had marked similarities throughout the study area, and numerous undercuts exposed the profiles of fluvial sediments composed of two elements. The lower one consisted of fine to medium-grained gravels with an abundant sand matrix, and their petrographic composition depended closely on the geological structure of the stream drainage area. The gravels are covered by sandy-dusty fen soils whose thickness ranges from 0.5 to 1.0 m. This type is present in the following localities; Rogoźnik stream (profiles PT-I -PT-IV), in Trybsz (profiles PT-XI and PT-XII), in Łapsze Wyżne (profile PT-XIII), in Niedzica (profiles PT-XIV -PT-XVI) and in Frydman (profile PT-XVII) (Fig. 1) . The second element is represented by narrow, deeply-cut, ravined sections of small streams, or narrow ravined sections of larger rivers. Here the youngest terrace systems form narrow, often discontinuous strips, whose height is usually less than 0.5 m above of the present river bed. These terraces comprise gravels with variable-size cobbles sometimes covered by sandy fen soils less than 0.2 m thick, and are present in the following localities: Maruszyna (profile PT-V), Dzianisz (profile PT-VI), Skrzypne (profile PT-VII), Gliczarów (profile PT--VIII), and Leśnica (profiles PT-IX and Pt-X), (Fig. 1) .
The molluscan assemblage recognized in the Late Holocene fluvial sediments in the Podhale basin is relatively sparse and includes a total of 46 taxa. This is approximately 50% of all species currently living in this area (Riedel, 1988) . The constancy and domination indices were calculated for the entire fauna in order to characterize the structure of the assemblages and to indicate dominant and accessory species (Fig. 2) . The most characteristic species is the Vallonia pulchella (Mü l l.), with high constancy (class C = 5) and domination (D = 5). This means that the taxon appears in more than 80% of samples and represents more than 20% of the entire analyzed shell material (Fig. 2) . The high classes of constancy and domination include; Cochlicopa lubrica (Mü l l.), Perforatella vicina (Rossm.), Vallonia costata (Mü l l.), Nesovitrea hammonis (St rom) and Limacidae. These six taxa comprise the most characteristic components of assemblages in the Late Holocene fluvial sediments in the Podhale basin. The remaining 40 taxa have low CD values (classes 1 and 2) and are supplementary and accessory elements (Fig. 2) . The Q index allows estimation of the significance of individual species in the analyzed malacofauna.. Its high values are typical of forms that commonly occur in high numbers. Low values characterize species that occur only very rarely. Taxa with great constancy and marked domination have the highest Q values, and in addition to the six species mentioned, 6 more species can be included in this group (Q > 8) ( Table 2) . Species with Q values in the range Q = 8 to Q = 2 are supplementary elements of significance in palaeo-interpretation of mollusc assemblages (16 species). The remaining 18 taxa with Q values of less than 2 are accessory elements of minor significance ( Table 2 ).
The indices of diversity of assemblages (TDA, SWN, SMI) and homogeneity index (J), are indicative of relatively high differences in the composition in structure of molluscan assemblages recognizable in individual samples. The index values are compiled in Table 1 and the ratios between them are depicted in Fig. 3 . Indices TDA and SWN and also SWN and SMI, show clear correlations, with respective values of the linear correlation coefficients of r = 0.90 and r = 0.86, (Figs. 3A, B) . This indicates the possibility of the interchangeable use of these indices in characterizing malacofauna assemblages. Here, the correlation between SWN and J indices was very weak at r = 0.27, (Fig. 3C) . When the values of the J index were juxtaposed with the numbers of taxa, it was possible to distinguish four sample groups. The first group (I) includes samples with the highest numbers of taxa; exceeding 15. The second group (II) includes moderately diversified assemblages with their taxa numbers ranging from 5 to 15, while the third group (III) includes those associations with low numbers of species. A single sample with enormous predominance of one species was set apart as the fourth group (IV) (Fig. 3D ).
Compiling the values of the TDA index calculated for individual samples vis-à-vis the numbers of taxa in these samples enables the possibility of distinguishing three types of associations (Fig. 4) .
The first type (A type) includes oligomictic assemblages with few components, which are characterized by a small number of taxa and low TDA values. This type encompasses associations with a high frequency of some single species and with a low proportion of other molluscs. This type is represented by 10 samples which constitute 21% of the entire material collected.
The second type contains polymictic assemblages with several components (type C), showing high TDA values (TDA > 0.5) but with little diversified species composition. These associations are poor in terms of both individuals and taxa numbers. This group encompasses chiefly mixed assemblages without any clear dominant components. Associations with such features were found in 22 samples (46% of the material analyzed). The third and last type encompasses associations with both high species diversity and high numbers of specimens (polymictic, multi-component fauna with a predomination of shade-loving and mesophilic species. The values of the TDA index are often markedly above 0.5. Associations with these characteristics were found in 16 samples, which comprised 33% of the material studied.
The high value of the ADI index of 0.824 calculated for the entire collected material indicates the significant degree of diversification of the fauna analyzed.
Discussion
The palaeo-ecological structure of malacofauna in individual samples displayed considerable differences. The principal differentiating factor is the variable proportions of the forms typical of open environments and those living in shaded habitats. This kind of differentiation allows separation of two principal types of fauna assemblages. The first includes associations with a small proportion of shade-loving snails reaching a maximum level of 20% of the association. The second type has a low, below 30%, frequency of taxa typical for open environments (Fig. 5) . A more detailed analysis enables them to be divided into subtypes (Figs 5, 6) .
Within the assemblage with a high proportion of species preferring shaded habitats (AS -I), it was possible to distinguish the following types of fauna:
• F-type fauna -a rich association with high species diversity and definite domination of shade-loving snails, often enhanced by a significant portion of forest species which prefer habitats with elevated humidity. Here, mesophilous snails are a supplementary • FM-type fauna -is similar to the F-type, with the main difference being the higher proportion of mesophilous species, usually comprising 25 to 40% of the association. The proportion of shade-loving element ranges from 50 to 70% of the association. The remaining ecological groups are of secondary and accessory, significance. The above--mentioned association occurred in 11 samples; or 23% of analyzed fauna) (Figs 5, 6 ).
• MF-type fauna -this malacocoenosis is characterized by a quite high proportion of mesophilous species (45-60%). Shade-loving snails, represented by the taxa of humid habitats are the second most important component found in this association. Meadow and hygrophilous forms occur rarely, with this type found in only 3 samples; or 7% of the collected material (Figs 5, 6 ).
• M 1 -type fauna -is an association poor in terms of the number of species, with little diversification, and dominated by mesophilous species which constitute up to 80% of the assemblage. Shade-loving forms are merely supplementary. M1 Fauna was found in only 2 samples; or 4% of the material analyzed (Figs 5, 6 ). The association dominated by species of open environments (AS -II) can be divided into three sub-associations:
• O-type fauna -is an association poor in terms of species number, and it also has low diversification usually composed of a few species. The dominant element comprises meadow snails typical of dry or moderately humid habitats. Here, mesophilous forms Table 1 ). AS-I, AS-II -types of molluscan assemblages described in text. Symbols of communities are described in text.
constitute an admixture, and shade-loving species occur sporadically. The proportion of snails inhabiting open environments exceeds 80%. This association was found in 10 samples; or 22% of the fauna (Figs 5, 6 ).
• OM-type fauna -is the association most often encountered (12 samples -25% of the association). Their most important element comprises open-country taxa supplemented by mesophilous forms and a small number of species preferring more shaded habitats. Hygrophilous snails sometimes occur, while aquatic species are sporadic (Figs 5, 6 ).
• M 2 -type fauna -is a malacocoenosis with a high percentage of mesopholius snails associated with relatively dry habitats. The meadow forms are supplementary although their proportion is usually less than 40%. Molluscs preferring shaded habitats and hygrophilous species both occur only sporadically. The fauna was found in 6 samples; or 13% of the material analyzed (Figs 5, 6 ). On the basis of separated and defined associations, it was possible to determine the sequence of particular types of fauna appearing in the studied profiles. The sequences of the associations are indicators of changes in the environment which reflect the impact of human activities in the Podhale region. Undoubtedly, natural factors, chiefly climatic ones, have also affected the composition and structure of malacocoenoses. It should be noted, however that even the major cooling of the climate associated with the Little Ice Age was too short to result in a significant change in the composition of the fauna. Hence, the changes in the features of mollusc associations of the Podhale basin fluvial sediments can be interpreted as the results of human activity. It is possible to distinguish three types of succession. Each is associated with a particular type of river valley.
O -O-type succession -this is a characteristic sequence showing little variability in the composition and structure of malacofauna found in the samples. The most essential role in the entire sequence is played by malacofauna which are scarce in terms of individual species numbers, but high proportions of different species are found in open environments. This is a sequence typical of wide valleys with gently inclined slopes which were deforested first and then converted to suit pastoral or farming purposes because of their typographical relief. The sediments which formed the profiles with such sequences were thus formed in the period of intensified human impact and settlement activity. This type is the most numerous and it was found in the following profiles: PT-II -PT-IV (Rogoźnik stream valley), PT-XII (Trybsz), PT-XIII (Łapsze), PT-XIV -PT-XVI (Niedzica) and PT-XVII (Frydman).
F -F-type succession -is a sequence typical of narrow river valleys usually in the form of deep V-shaped valleys. The malacofauna is usually rich and its species composition is quite varied. There is a marked predominance of species in more or less shaded habitats, often in increased humidity. There are also numerous mesophilous taxa, but a low proportion of snails inhabiting open environments. This sequence is characteristic of areas not utilized by humans, chiefly because of the adverse relief features, such as steep valley slopes. In several profiles, traces of deforestation are clearly emphasized by the appearance of associations with higher proportions of mesophilous species, or even meadow species. The presented sequence was identified in 5 profiles: PT-I (a tributary of the Rogoźnik stream), PT-V (Maruszyna), PT-VI (Dzianisz), PT-VII (Skrzypne) and PT-VIII (Gliczarowski Potok).
F -O-type succession sequence was found in three profiles: PT-IX, PT-X (Leśnica), and PT-XI (Trybsz). Shade-loving species dominated the inferior part, while meadow species thrived in the upper domains. The rapid and evident change in habitat nature indicates sudden deforestation which is undoubtedly associated with human activity. Both these profiles are situated in a relatively narrow valley which was only later subject to intensive human activity.
Conclusion
The evolution of the natural environment of the Podhale basin is relatively well documented. This knowledge was accumulated owing to a number of studies of palynological profiles of several peat bogs in the Orava region and around the Nowy Targ area (Koperowa, 1962; Obidowicz, 1990 Obidowicz, , 1995 , plus research on mollusc associations occurring in sediments of different origins, particularly in calcareous tufas (Alexandrowicz, W.P., 1997 (Alexandrowicz, W.P., , 2001 (Alexandrowicz, W.P., , 2003 (Alexandrowicz, W.P., , 2010 . Besides floristic and faunistic documentation, radiocarbon dating was also performed in a number of the profiles. These data enable the conclusion to be drawn that there was an expansion of forests in the area of the Podhale basin at the beginning of the Holocene. The forest environments have been sustained since historic times, and the evident transformation of habitat types is clearly marked in the peat-bog profiles, underscored by a rapid increase in the pollen content of herbaceous plants coupled with a simultaneous drop in the frequencies of tree pollen. The period of these changes dates from the 13 th and 14 th centuries (Ralska-Jasiewiczowa, 1988; Czepiel, 1999) . This period is associated with a rapid growth in the human population. This process in turn led to the necessity to acquire new land for cultivation which entailed intensified deforestation. The associations of molluscs found in the above-mentioned fluvial sediments record this particular process. Material collected and analyzed indicates a high diversity of habitats and variable rate of anthropogenic changes. The first phase of deforestation involved the northern part of the Podhale basin, characterized by gentle relief, and presence of wide valleys with well-developed systems of flat extensive terraces. This phase is linked with the period from the 13 th -15 th centuries when a rapid development of villages occurred in this area (Ralska-Jasiewiczowa, 1988; Czepiel, 1999) . The significant reduction in forested areas resulted in changes in malacocoenoses. The rich associations with high proportions of forest species, dominating in the period preceding the settlement drive, were replaced by the poorer and more narrowly diversified associations, dominated by forms typical of open habitats. Deforestation did not affect those areas with relief unsuitable for farming, such as in the deep and narrow valleys. In these zones, malacocoenoses with high proportions of shade-loving species maintained their presence. Similar diversification is also observed in recent times. In some profiles, particularly in their canopy sections, a periodic increase in the proportion of shade-loving and mesophilous species is marked, coupled with a reduced frequency in the occurrence of the meadow element.
On the basis of changes in the composition of molluscan fauna occurring in fluvial sediments, the following stages of the environmental changes can be distinguished (Fig. 7 , Table  3 ):
Stage I -spans the period from the beginning of the Holocene until the Middle Ages. This phase was dominated by forest environments. In various localities with sediments of gene-tically different lithological types, rich and diversified associations of molluscs were found, dominated by shade-loving and mesophilous species with smaller or larger admixtures of aquatic and hygrophilous forms. This period preceded colonization of the Podhale Basin by humans, and small human communities present in the area did not unduly affect the natural environment in any significant way (Alexandrowicz, W.P., 1997 (Alexandrowicz, W.P., , 2001 (Alexandrowicz, W.P., , 2003 Alexandrowicz, W.P., Stworzewicz, 2003) (Fig. 7 , Table 3 ). (Koperowa, 1962; Obidowicz, 1990 Obidowicz, , 1995 Alexandrowicz, W.P., 1997) . The effects of this process included, on the one hand, intensified fluvial accumulation, and, on the other, a significant change in composition and structure of malacocenoses. Associations previously dominated by forest species were replaced by poorer faunas, with the majority being forms in open environments together with an admixture of mesophilous snail species. The occurrence of fluvial sediments described in this study is associated with this phase. These changes are, in turn, associated with the phase when the climate warmed considerably in the Medieval Warm Period (Grove, Switsur, 1994; Huges, Diaz, 1994; Bradley, 2000; Briffa, 2000; Jones, Mann, 2004) (Fig. 7, Table 3 ).
Stage III -14 th -19 th centuries. The cooling of the climate associated with the Little Ice Age (Bradley, Jones, 1993; Bradley, 2000; Briffa, 2000; Jones, Mann, 2004) led to a reduction in the human population, lessening human impact and consequently an expansion in forests. This process manifested itself by the increased proportion of shade-loving forms noted in particular profiles. Intensified fluvial activity in this period (Ralska-Jasiewiczowa, Starkel, 1988; Starkel et al., 1996) caused increased fluvial erosion which consequently led to a decrease in previously accumulated fluvial sediments (Fig. 7, Table 3 ).
Stage IV -20 th century. This period involved the rapid expansion of settlements and progressive deforestation. In river valleys, this period corresponds to the lowest and youngest terrace system, composed mainly of gravels and devoid of fragments of molluscan shells (Fig.  7, Table 3 ).
In the Podhale basin area there are also other sediments, representing a similar period of time and containing numerous mollusc shells. These are recently precipitated calcareous tufas and also sediments accumulated in small karst forms on limestone rocks in the Pieniny Klippen belt (Alexandrowicz, W.P., 1997 (Alexandrowicz, W.P., , 2010 Alexandrowicz, W.P., Rudzka, 2006) . Rich associations with significant proportions of forest and mesophilous species were found in the calcareous tufas, while forms typical of open environments were very rare. The faunistic assemblage sequences do not depict phases of human impact-related periods of deforestation in the Podhale region. This may be linked to the fact that calcareous tufas are formed in the spring zones of streams unsuitable for agricultural development. The fauna of the calcareous tufas shows certain similarities, both in terms of species composition and structure of mollusc assemblages to the associations found in the profiles of fluvial sediments deposited in narrow valleys. However, essential differences exist, and the most important of these is the presence of numerous shells of aquatic snails and bivalves within the tufa sediments. These forms are particularly characteristic of springs and do not occur in fluvial sediments (Alexandrowicz, W.P., 1997 (Alexandrowicz, W.P., , 2010 . The Early-Holocene malacocoenoses associated with limestone klippes characterize open environments, and sometimes even xerothermic ones. However, they have a specific species composition, closely associated with local habitats, with quite significant and even dominant proportions of petrophilous forms. These sequences do not correspond with anthropogenic transformations of the environment within the Podhale basin in the period concerned (Alexandrowicz, W.P., 1997; Alexandrowicz, W.P., Rudzka, 2006) . Mollusc associations very similar to those described in this study were reported from the Pieniny area (Alexandrowicz, S.W., 1990 (Alexandrowicz, S.W., , 1993 . Two types of fauna were found in a number of profiles of the Late Holocene fluvial deposits. The older one shows the dominance of shade-loving species and it is associated with the early Medieval period (radio carbondating: 1460±60 years BP; 444-661 cal AD and 900±50 years BP; 1032-1235 cal AD). The younger malacocoenoses are mainly composed of species from open environments, and in the Podhale basin, these are associated in a similar manner to the last 500 years and they are indicative of anthropogenic deforestation. Similar faunistic sequences, representing a similar period, were described in the area of the Flysh Carpathians. The anthropogenic deforestations occurring in Medieval times were also quite marked in the inner mountain basins and in the Carpathian foreland (Alexandrowicz, S.W., 1984; Alexandrowicz, S.W., Alexandrowicz, W.P., 1995) . Such rapid changes in types of habitats associated with the development of farming were also described in other Central and Western European countries. Nevertheless, it should be noted that, depending on the region, these were associated with various phases of human population expansion, beginning in the Neolithic age and lasting until recent times (Rousseau et al., 1992; Kiss et al., 2004; Mishra et al., 2007; Laurent et al., 2008; Frenzel, 2009 , and many others).
It is quite clear from the above-mentioned facts that the malacofauna occurring in the fluvial sediments is one of the best indicators of rapid and sudden changes in the environment associated with human activity. This particularly applies to the processes of deforestation and the development of land cultivation and pastoral management.
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